Three lines of transgenic mice have been generated which express human CD25 under the control of the 722-base pair region located immediately 5 Ј of the precursor (pre)-B cell-specific 5 gene. All three strains express human CD25 in parallel to endogenous 5 on pre-B cells, but not on mature B lymphocytes or other blood cell lineages. High expression of human CD25 on B lineage cells of transgenic mice has allowed the identification of a new B220 ϩ CD19 Ϫ 5 ϩ precursor of the B220 ϩ CD19 ϩ 5 ϩ c-kit ϩ pre-BI cells. Both types of precursors are clonable on stromal cells in the presence of interleukin-7. The CD19 Ϫ precursors have a sizeable part of their immunoglobulin heavy chain gene loci in germline configuration, while the CD19 ϩ pre-BI cells are predominantly DJ H rearranged. The results indicate that random integration of the 722-bp 5 Ј region of the 5 gene into the mouse genome confers tissue and differentiation stage-specific expression of a transgene. (8) and by a single cell PCR analysis of the IgH and L chain loci (9). Rolink et al. (10) then used the differential expression of B220 ϩ and CD19 to define a B220 ϩ CD19 Ϫ cell population in BM, which could further be subdivided into three subpopulations, a NK1.1 ϩ precursor population of NK cells, a CD4 ϩ population of unknown function, and a marker-negative population. These cell populations are probably largely identical with Hardy's fraction A, since they were found to be CD43 ϩ , HSA low , BP-1 Ϫ . The marker negative CD19 Ϫ B220 ϩ cells were suspected to contain some early B lineage progenitors, since stromal cell/IL-7-reactive cells could be found in low frequencies (10).
T wo genes, V preB and 5, encode the proteins that together make up the surrogate L chain (1, 2) . Both genes are specifically expressed in precursor (pre) 1 -B cells, but not in immature and mature, surface Ig-positive B cells, nor in any other cell of mouse or human so far tested (for review see reference 3). The pre-B cell-specific control of 5 gene expression has been analyzed in some detail (4, 5) . Deletion analysis of a 722-bp 5 Ј region upstream of the 5 gene has defined two parts of the upstream region, A 5 and B 5 (4) . A 5 , 154 bp directly 5 Ј of the 5 gene, functions as a basal promoter in different types of cells. B 5 , 568 bp 5 Ј of A 5 , acts in concert with A 5 as a suppressor region in nonpre-B cells, but as an enhancer region on a heterologous promoter in pre-B cells (4, 5) .
Differentially regulated gene expression has allowed to define, and separate by FACS ® , B lymphocyte lineage subpopulations in mouse bone marrow (BM). Hardy et al. (6) have used the surface antigens heat stable antigen (HSA), BP-1 and leukosialin (CD43) to separate B220 (CD45R) ϩ pre-B cell populations from immature IgM ϩ and mature IgM ϩ /IgD ϩ B cells. An analysis of the expression of V preB , 5, RAG-1 and RAG-2, TdT, mb-1 and bcl-2, and particularly the semiquantitation of DJ H , V H DJ H and V J rearranged Ig genes in populations of these B lineage cells have allowed Li et al. (7) to propose an order of development of the subpopulations. The earliest population, called fraction A, which is CD43 ϩ , HSA Ϫ , BP-1 Ϫ has low, if at all detectable, expression of V preB , 5, RAG-1 and RAG-2, TdT, and mb-1 and has low quantities of DJ H rearranged IgH chain genes while V H(J558) DJ H and V J rearranged Ig genes remained below detection limits.
Rolink et al. ordered B220 ϩ B lineage subpopulations in mouse BM by the analysis of the expression of c-kit, CD25, and surrogate L chain (8) and by a single cell PCR analysis of the IgH and L chain loci (9) . Rolink et al. (10) then used the differential expression of B220 ϩ and CD19 to define a B220 ϩ CD19 Ϫ cell population in BM, which could further be subdivided into three subpopulations, a NK1.1 ϩ precursor population of NK cells, a CD4 ϩ population of unknown function, and a marker-negative population. These cell populations are probably largely identical with Hardy's fraction A, since they were found to be CD43 ϩ , HSA low , BP-1 Ϫ . The marker negative CD19 Ϫ B220 ϩ cells were suspected to contain some early B lineage progenitors, since stromal cell/IL-7-reactive cells could be found in low frequencies (10) .
In this paper we describe the generation of nine transgenic mouse lines in which the gene for the ␣ chain of the human IL-2 receptor (human CD25; hu-CD25) is under the control of the 722-bp 5 Ј region of the 5 gene (5 Ј 5 ). In three of the lines the 5 Ј 5 confers lineage and differentiation stage specific-expression of the hu-CD25 transgene in vivo. 
Materials and Methods

Construction of the
654
A Transgenic Marker for Mouse B Lymphoid Precursors TATGAATCCATTGACCCTCAAGTCCAAAGTC 3 Ј . The hu-CD25 cDNA was made by PCR (PCR 2) using the following primers: 5 Ј primer: 5 Ј CTTGAGGGTCAATGGATTCAT-ACCTGCTGATG 3 Ј , 3 Ј primer: 5 Ј ACGGATCCCTAGAT-TGTTCTTCTACTCTTCCT 3 Ј . The 5 Ј 5 3 Ј primer and the hu-CD25 5 Ј primer contain overlapping sequences (underlined) to facilitate the third PCR. This (PCR 3) was made by using the 5 Ј 5 5 Ј primer together with the hu-CD25 3 Ј primer and as template use a 1:1 mixture of PCR 1 and PCR 2. The 5 Ј 5 5 Ј primer contained a SalI site and the hu-CD25 3 Ј primer contained a BamHI site and some extra bases for protection of the respective restriction site. The PCR product (PCR 3) was cloned into the vector pSPex23pA as a SalI/BamHI fragment. The pSPex23pA vector contains human ␤ -globin exon 2, intron 2, exon 3, and polyA site (1.6-kb SalI/PstI fragment) from the vector pHSE3 Ј (11) inserted into pSP73 (Promega Corp., Madison, WI) lacking a BamHI site. The final 5 Ј 5 -hu-CD25 vector contained in 5 Ј to 3 Ј order the following: 5 Ј 5 as promoter/enhancer, human CD25 cDNA, human ␤-globin exon 2, intron 2, exon 3, and polyA site. This 3.2-kb SalI/XhoI fragment was purified and used for injections.
The purified 3.2-kb SalI/XhoI fragment was microinjected into (C57Bl/6 ϫ DBA/2)F2 zygotes as described (12) . Transgenic lines were maintained in pathogen-free conditions and backcrossed for three generations to C57Bl/6 mice. All experiments were done with transgenic hemizygotes and their wild-type littermates between 4 and 8 wk of age. For the determination of transgene copy numbers DNA isolated from tails was analyzed by slot and Southern blot using the hu-CD25 cDNA and ␤-actin as probes.
Antibodies, Flow Cytometric Analysis, and Cell Sorting. The rat mAb ACK-4 (anti-mouse c-kit; provided by Dr. S. Nishikawa, Kyoto University, Kyoto, Japan; reference 13) the rat anti-mouse IgD mAb NIM-R9; (provided by Dr. R. Parkhouse; reference 14) and the rat anti-mouse CD19 mAb 1D3 (10) were conjugated with biotin using standard procedures. The following rat mAbs were purchased from PharMingen (San Diego, CA) PE-and allophycocyanin-conjugated RA-6B2 (CD45R, B220), biotinylated 7D4 (anti-mouse CD25, TAC), PE-conjugated RM4-5 (antimouse CD4), PE-conjugated PK186 (anti-mouse NK1.1), and FITC-and PE-conjugated M-A251 (anti-human CD25). FITCconjugated goat anti-mouse IgM ( chain specific) was obtained from Southern Biotechnology Associates (Birmingham, AL).
Single cell suspensions from BM were prepared by flushing out cells from femurs with either ice-cold staining buffer (PBS containing 2% FCS and 0.1% NaN 3 ) or tissue culture medium (IMDM, 2% FCS). Cells were incubated with a combination of FITC-, PE-, biotin-or allophycocyanin-conjugated antibodies in staining buffer, washed with staining buffer, incubated for 15 min with PE-streptavidin (Southern Biotechnology Associates) to reveal the biotin reagent, and finally washed with staining buffer. Cells were analyzed on a FACScan ® instrument (Becton Dickinson, Mountain View, CA). In double staining experiments propidium iodide was included in the staining buffer (1 g/ml) to gate out dead cells. Cells present in the extended lymphocyte gate (low side scatter) were gated. Cell sorting was performed on a FACStar Plus ® instrument. For the sorting of rare populations such as the B220 ϩ CD19 Ϫ fractions in BM, a two step sorting protocol was used to obtain maximum purity. During the first sorting, the instrument was set on enrichment mode. The purity after the first round was generally Ͼ85%. After the second sorting of the enriched cells, the purity was generally Ͼ96% when reanalyzed with the instrument settings used for the sort.
Pre-B Cell Culture System. Pre-B cell lines were established from fetal livers of individual day 17 embryos from pregnant transgenic mice. The pre-B cell lines and clones were cultivated as described (15) . In brief, pre-B cells were cultured on a semiconfluent layer of ␥-irradiated (30 Gy) ST-2 stromal cells (16) in IMDM containing 100 g/ml kanamycin, 5 ϫ 10 Ϫ5 M 2-mercaptoethanol, 2% heat-inactivated FCS (GIBCO BRL, Gaithersburg, MD) and 100 U/ml IL-7. Culture supernatant of J558L cells transfected with the murine IL-7 cDNA in the BMG neo vector was used as a source of IL-7 (17) . When stable pre-B cell lines were established, the cells were transduced with a retrovirus containing the mouse bcl-2 gene (a gift from Dr. M. Busslinger, Research Institute of Molecular Pathology, Vienna, Austria) and transduced cells were selected with 3 g/ml puromycin on puromycin-resistant ST-2 cells. For the induction of differentiation of bcl-2 transfected pre-B cells, cells were harvested, washed three times in medium without IL-7, and cultured on a semi-confluent layer of ␥-irradiated ST-2 stromal cells in medium without IL-7.
Limiting Dilution Analysis of Pre-B Cells Growth. Cell suspensions from FACS ® sorted cells were diluted by serial twofold dilutions in medium with IL-7 and were plated on a semi-confluent layer of ␥-irradiated (30 Gy) ST-2 cells in 96-well flat-bottom plates. Cultures were scored on day 7 for pre-B cell colonies containing Ͼ50 cells, using an inverted microscope. On several occasions, the contents of individual wells with lymphoid colonies were removed and analyzed for B220 and CD19 expression by FACS ® . In all cases, the cells uniformly expressed B220 and CD19.
Northern Blot Analysis. Total cellular RNA was prepared using RNAzol B (Biotecx Laboratories, Inc., Houston, TX) according to the manufacturer's recommendations and analyzed as described (18) . The complete cDNA of the hu-CD25 was used as a probe for the detection of hu-CD25 RNA.
Reverse Transcription-PCR. RNA extraction, cDNA synthesis, and reverse transcription (RT)-PCR was done exactly as described (19) . The following primer-pairs were used: hypoxanthine phosphoribosyl transferase (HPRT): 5Ј GCTGGTGAAAAG GACCTCT 3Ј, 5Ј CACAGGACTAGAACACCTGC 3Ј; 5: 5Ј GAGATCTAGACTGCAAGTGAGGCTAGAG 3Ј, 5Ј CTTGG-GCTGACCTAGGATTG 3Ј; hu-CD25/␤-globin: 5 AGAC-CAGTCAGTTTCCAGGTGAA 3Ј, 5Ј AAGCGAGCTTAGT-GATACTTGTG 3Ј. All PCRs were carried out with 1 cycle 94ЊC for 40 s, followed by 30 cycles at 94ЊC for 20 s, 55ЊC for 15 s, and 72ЊC for 60 s. The probes specific for the HPRT, 5, and hu-CD25 genes were generated by cloning PCR fragments into pBluescript and were used for PCR-Southern blot analysis.
PCR Analysis of IgH Gene Rearrangements. DJ H rearrangements of the H chain locus were amplified and detected using PCR as outlined in Fig. 4 . Two forward primers binding immediately upstream of DFL/DSP elements or the DQ52 element, respectively, were used in a mixture (DFS and DQ52 as described in reference 20) together with one reverse primer binding downstream of J H 4 (JH4A in reference 16). In germline configuration, the DQ52 and JH4A primers will amplify the 2.15-kb germline fragment. DJ H 1, DJ H 2, DJ H 3, and DJ H 4 rearrangements involving either D FL , D SP , or D Q52 elements will be detected by the emergence of bands of 1.46, 1.15, 0.73, and 0.20 kb, respectively. Cells were sorted directly into 100 l PBS containing 0.5% Tween 20 and proteinase K (0.2 mg/ml; Boehringer Mannheim GmbH, Mannheim, FRG) and incubated at 55ЊC for 2 h. The preparations were boiled and DNA was precipitated in ethanol with glycogen as the carrier. The DNA pellet was dissolved in Tris-HCl, pH 8.3. The DNA equivalent of 50 sorted cells was subsequently used for PCR amplification. The amplification pro-tocol was 35 cycles of 20 s at 94ЊC, 30 s at 65ЊC, and 2 min at 72ЊC. An oligonucleotide specific for the J H 4 region (5Ј AG-GAACCTCAGTCACCGTC 3Ј) was used for PCR-Southern blot analysis.
Results
The 722-bp region of the 5 upstream regulatory region (4) was inserted upstream of the hu-CD25 cDNA (21) and introduced as a transgene into the germline of mice. Cells from BM and spleen of nine founder strains carrying the transgene were analyzed by FACS ® for hu-CD25 expression. Three of the nine strains were found to express surface hu-CD25. As determined by Southern and slot blot analyses (Table 1) , transgene copy numbers varied between 10 and 30 in expressing and between 4 and 400 in nonexpressing strains. This indicates that expression of hu-CD25 was most likely influenced by integration sites.
The analysis of the cellularity as well as the staining of the different B cell differentiation stages in BM and spleen (as described in detail previously in reference 15) revealed that in none of the transgenic lines was lymphocyte development disturbed by any means (Table 2) in agreement with other studies using hu-CD25 as transgene (22) . All three founder strains expressing the transgene showed similar staining patterns in BM (as shown in Fig. 1 A for the founder 82). Several levels (high, intermediate, and low) of hu-CD25 expression were detected in B lineage cells in the BM, while spleen and thymus cells were practically negative (Fig. 1 A) . The ‫%5.0ف‬ of spleen cells which expressed very low levels of hu-CD25 were found to be IgM ϩ IgD Ϫ immature B cells (data not shown). Most hu-CD25 positive BM cells expressed the B cell markers CD19 and CD45R (B220; Fig. 1 A, and data not shown) . RT-PCR analysis of BM, spleen, liver, muscle, and heart readily detected hu-CD25 RNA in the BM and low levels in the spleen but no signal was found in the nonlymphoid samples, while the HPRT control primers detected HPRT RNA in all organs (Fig. 1 B) . Thus, the 5Ј 5 control region contains lineageand differentiation stage-specific promoter/enhancer activity.
Three-color FACS ® analysis of BM cells was performed in order to define the stages at which the transgene was expressed and to analyze if this correlated with expression of the endogenous 5 gene. Fig. 2 shows the analyses of the expressor strains 82 and 83 in which cells expressing CD19 and a second marker were gated and the levels of hu-CD25 analyzed. Strain 73 showed virtually identical expression levels of transgenic hu-CD25 to strain 82 (data not shown). Strain 83 displayed ‫-01-5ف‬fold lower levels when compared with the other two strains. While strains 82 and 73 both contained about 30 transgene copies, strain 83 contained about 10 copies. In BM cells from line 82 and 73, high levels of hu-CD25 were found on c-kit ϩ pre-BI cells, intermediate levels were found on mouse CD25 ϩ large pre-BII cells, low expression on mouse CD25 ϩ small pre-BII cells, while very little or no expression was detected on immature (IgM ϩ IgD Ϫ ) and mature (IgM ϩ IgD ϩ ) B lymphocytes. Expression of hu-CD25 protein correlated with transgenic RNA steady state levels were determined by RT-PCR analysis; high levels of transgenic RNA were detected in pre-BI cells, intermediate and low levels in large and small pre-BII cells, respectively, and very little or no transgenic RNA was detected in immature and mature B cells (not shown). Parallel analysis of endogenous 5 gene transcript levels demonstrated that 5 was expressed in a similar fashion, in agreement with previous analyses (19) , with the exception that slightly lower relative amounts were detected in the later differentiation stages as compared to transgenic hu-CD25 RNA. Thus, in general, the expression of hu-CD25 protein and RNA correlated with that of endogenous 5. Both the endogenous 5 gene and the 5Ј 5 -controlled transgene generate transcripts which are expressed in pre-BI cells and begin to be downregulated as these cells differentiate into pre-BII cells.
The developmental control of transgenic hu-CD25 expression in B lymphocyte development was further analyzed in differentiating pre-B cells in vitro. c-kit ϩ pre-BI cells can be expanded in vitro on stromal cells in the pres- The data are average values of three 6-wk-old mice each. BM cellularity was normal in all mice (1.2-1.5 ϫ 10 7 cells/femur).
ence of IL-7 (15). Therefore, c-kit ϩ pre-BI cells from fetal liver of transgenic mice were cultured on ST-2 stromal cells in the presence of IL-7 and transduced with a retrovirus encoding the bcl-2 cDNA to inhibit apoptosis after removal of IL-7. As shown in Fig. 3 A, the cells in culture expressed CD19, 5 protein (as detected by the LM34 antibody; reference 23) and high levels of hu-CD25, but no detectable IgM on the cell surface. Withdrawal of IL-7 and analysis 1, 2, and 3 d thereafter demonstrated that the level of CD19 expression remained constant while the surface expression of 5 and hu-CD25 decreased with time. In addition, ‫%01ف‬ of the cells started to express IgM on the cell surface at day 3 of differentiation. Furthermore, Northern blot analysis of these differentiating cells showed that the RNA steady state levels of hu-CD25 and 5 decreased with time of differentiation (Fig. 3 B) . Disappearance of hu-CD25 paralleled the disappearance of 5 RNA (Fig. 3  B) . Again, these results indicate that the hu-CD25 transgene, like endogenous 5, is expressed in pre-BI cells. Expression of the endogenous 5 and hu-CD25 transgene is downregulated as these pre-BI cells differentiate in vitro to sIgM ϩ immature B cells. Analysis of BM cells for hu-CD25 expression detected a population of cells which did not express the B lineage marker CD19, but did express intermediate levels of hu-CD25 (Figs. 1 and 4 ). This population was found to be B220 positive (Fig. 4) , and therefore, belongs to the mixture of B220 ϩ CD19 Ϫ BM cells recently analyzed to be composed of NK1.1 ϩ precursors to NK, CD4 ϩ , and markernegative cells (10) . B cell precursor activity was found only in the marker-negative subpopulation. This marker-nega- Figure 1 . 5Ј 5 is active in BM but not in spleen, thymus, heart, muscle, or liver. 5Ј 5 hu-CD25: 5Ј 5 inserted upstream of the cDNA encoding human IL-2-R (hu-CD25; reference 21) followed by exon 2, intron 2, exon 3 (solid boxes), and polyA site (hatched box) from human ␤-globin (11) . The 5Ј 5 hu-CD25 was used to establish transgenic mice. (A) BM, spleen, and thymus cells were analyzed by FACS ® using antibodies detecting mouse CD19 or CD4 and hu-CD25. Data from nontransgenic (tgϪ) and transgenic (tgϩ) littermates from founder 82 are shown. (B) Total RNA from heart, muscle, liver, spleen, and BM was isolated and analyzed for expression of hu-CD25 and HPRT by RT-PCR analysis. Arrows denote the 185 and 220-bp fragments of hu-CD25 or HPRT, respectively. tive subpopulation amounts to approximately one-third of all B220 ϩ CD19 Ϫ cells, i.e., 1-2% of all BM nucleated cells (10) . In the 5Ј5-hu-CD25 transgenic mice the B220 ϩ CD19 Ϫ hu-CD25 ϩ cells did not express NK1.1, or CD4 (Fig. 4) , and are therefore found within the marker-negative subpopulation. This marker-negative hu-CD25 ϩ subpopulation comprises 10-15% of all B220 ϩ CD19 Ϫ NK1.1 Ϫ CD4 Ϫ cells (Fig. 4) , i.e., 0.1-0.3% of all BM cells.
The marker-negative subpopulation was sorted into hu-CD25 ϩ and hu-CD25 Ϫ cells and analyzed for other markers, in particular for the expression of endogenous 5. RT-PCR analysis shown in Fig. 5 A revealed that these cells, like CD19 ϩ pre-BI cells coexpressed hu-CD25 and endogenous 5, whereas hu-CD25 Ϫ sorted cells from the same B220 ϩ CD19 Ϫ population contained no detectable 5 or hu-CD25 message. The B220 ϩ CD19 ϩ hu-CD25 ϩ cells also expressed V preB , sterile H chain, RAG-1, RAG-2, and B29 transcripts (data not shown). PCR analysis of the H chain gene loci of the B220 ϩ CD19 Ϫ hu-CD25 ϩ cells revealed that a sizeable fraction of all loci were still in germline configuration while the rest of these loci were DJ H rearranged ( Fig. 5 B, lane 3) . V H DJ H rearranged loci could not be detected (data not shown). In CD19 ϩ c-kit ϩ pre-BI cells (lane 2) the H chain gene loci were found to be mostly DJ H rearranged in agreement with previous analyses (9).
We conclude from these analyses that the B220 ϩ CD19 Ϫ NK1.1 Ϫ CD4 Ϫ hu-CD25 ϩ cells contain early B lineage precursors. Since they have a considerable fraction of their H chain loci in germline configuration they might be precursors of the CD19 ϩ pre-BI cells. The B220 ϩ CD19 Ϫ hu-CD25 Ϫ 5 Ϫ BM cells might not belong to the B lineage. These conclusions were further supported by an analysis of the proliferation and differentiation potential of these early B220 ϩ CD19 Ϫ cell populations. Limiting dilution analyses on stromal cells in the presence of IL-7 (15) showed that the CD19 ϩ hu-CD25 high pre-BI cells (1 in 12) as well as the B220 ϩ CD19 Ϫ hu-CD25 ϩ B lineage precursors (1 in 15) contained a similarly high frequency of clonable cells (Fig. 5 C) . This frequency of clonable cells in the B220 ϩ CD19 Ϫ NK1.1 Ϫ CD4 Ϫ hu-CD25 ϩ cell population is, therefore, ‫-01ف‬fold higher than the frequency found previously by Rolink et al. (10) in the total B220 ϩ CD19 Ϫ NK1.1 Ϫ CD4 Ϫ population. We therefore conclude that the hu-CD25 reporter transgene is preferentially expressed in early clonable B lineage precursors before the expression of CD19.
It should be noted that in comparison to the pre-BIderived colonies, the B220 ϩ CD19 Ϫ hu-CD25 ϩ -derived colonies were larger in size and contained more cells. After 7 d in tissue culture, the CD19 Ϫ hu-CD25 ϩ precursors became CD19 positive and the cells could be induced to differentiate to IgM ϩ immature B cells upon removal of IL-7 from the cultures (data not shown). The B220 ϩ CD19 Ϫ hu-CD25 Ϫ cells showed 20-30-fold lower frequency of clonable lymphoid cells in the above mentioned culture system (Fig. 5 C) .
Collectively, these results show that the high expression of the transgenic hu-CD25 on the surface of BM cells has allowed the isolation and characterization of an early B lineage cell population that is likely to be precursors of pre-BI cells.
Discussion
The three transgenic strains of mice presented here carry the cDNA of the ␣ chain of the human IL-2 receptor (CD25) under the control of the 722-bp 5Ј regulatory region of the 5 gene. The 5Ј 5 regulatory region, consisting of A 5 and B 5 , conveys lineage and differentiation stage specificity to the expression of the transgenic reporter gene, hu-CD25. This expression pattern in vivo confirms and extends previous results from the analysis of various cell lines representing different stages of B cell development (4, 5) . In the previous experiments, however, a heterologous enhancer was used in the reporter gene constructs in addition to the 5Ј 5 regulatory region to obtain measurable levels of reporter gene expression. We show here that the short stretch of the 722-bp 5Ј regulatory region contains the essential cis-acting regulatory elements for lineage and differentiation stage specific expression. Our experiments do not provide any evidence for the need of additional enhancer elements for this specific expression. It will now be possible to study the function of the 5Ј 5 regulatory region in greater detail.
It appears that the copy number of transgenes inserted into the mouse genome is not important for the specificity of expression. Furthermore, insertion of the transgene at different sites in the genome only determines the level, and not the specificity, of expression. These results indicate that it will be possible to express other transgenes in a pre-B cell-specific fashion without inserting them at the 5 locus by homologous recombination.
Lineage-and tissue-specific expression conferred by a short 5Ј region has also been reported for other genes. Among the earliest genes analyzed in this context was the rat insulin gene in which the 700-bp 5Ј region was shown to drive the expression of the simian virus 40 large T antigen in ␤ cells of the pancreas, and the transgenic mice developed ␤ cell tumors (24) . The insulin 5Ј region has subsequently been used to direct ␤ cell-specific expression of many genes. The insulin enhancer within these 700 bp, in the context of its own promoter, confers gene expression only in ␤ cells, while in the presence of a heterologous promoter, the same enhancer is not as restricted and allows expression in the brain also (25) . Another example is the 620-bp proximal promoter of the lck gene. It was shown to allow expression in thymocytes, but not in peripheral T cells, in agreement with lck proximal promoter driven transcription in T cell development (26) , though the defined differentiation stages in the thymus were not analyzed.
Perhaps the most widely used system expressing a transgene within the lymphoid system takes advantage of the well characterized IgH intron enhancer (E) (27) (28) (29) , either in combination with an Ig promoter or with a heterologous promoter. Such combinations allow expression not only in B, but also in T lymphocytes. Since E seems to overrule the specificity of even a locus control region (30), it appears not suited for transgene expression if a more narrow window of expression is preferred.
In general, expression of the hu-CD25 transgene paralleled that of the endogenous 5 gene. In c-kit ϩ pre-BI cells and in large pre-BII cells, 5 and transgene expression was highest. In these differentiation stages, using currently available reagents, 5 protein is detectable either in the cytoplasm (8) or on the cell surface (31). Small differences can be seen in the small pre-BII/immature B cell compartments. The data shown in Fig. 2 indicate that the hu-CD25 is expressed as protein in small pre-BII cells, and at even lower levels in immature B cells in two of the three founder lines. Endogenous 5 protein was not detectable at the later differentiation stages and 5 mRNA was reduced about 20-30-fold when compared to pre-BI cells (reference 19 and unpublished observation). The hu-CD25 transgene contains human ␤-globin sequences which might prolong mRNA half-life as compared to endogenous 5 and, hence, protein synthesis. In addition, hu-CD25 protein might be more resistant than 5 to degradation which again could contribute to prolonged expression of hu-CD25 in differentiating B lineage cells in BM.
The easily detectable expression of the transgenic hu-CD25 protein on the surface of cells has permitted the identification of a CD19 Ϫ B220 ϩ hu-CD25 ϩ cell population in the BM that are NK1.1 Ϫ and CD4 Ϫ . These novel cells were also found to express endogenous 5, and as a population, to contain cells that have started to rearrange their IgH gene loci. A high proportion of these CD19 Ϫ B220 ϩ hu-CD25 ϩ cells are clonable on stromal cells in the presence of IL-7. In fact, the frequency of clonable cells is as high as in the CD19 ϩ B220 ϩ hu-CD25 high c-kit ϩ pre-BI cell population. Given that the plating efficiency in these cultures is not 100% (32), the actual frequencies may be even higher. At present it can not be completely ruled out, however, that the CD19 Ϫ B220 ϩ hu-CD25 ϩ cell population, which represents about 5% of all CD19 Ϫ B220 ϩ in the BM of transgenic mice, is nevertheless heterogeneous. The finding that the CD19 Ϫ hu-CD25 ϩ population contains much more of the IgH loci in germline configuration argues that the CD19 Ϫ hu-CD25 ϩ cells are the precursors of the CD19 ϩ pre-BI cells. Our results agree with previous analyses of the configuration of IgH and L chain loci undertaken by Li et al. (7) for Hardy's fraction A of mouse BM, and suggest that the DJ H rearranged IgH chain loci found by these authors are contributed by B220 ϩ CD19 Ϫ NK1.1 Ϫ CD4 Ϫ cells, now further marked by the hu-CD25 reporter transgene.
To date, it is clear that cells expressing CD19 are committed to the B cell lineage. However, stages of hemopoiesis before B cell commitment are poorly understood. The hu-CD25 transgenic mice described in this paper may help to further characterize these early stages of B lineage development and commitment. In addition, they may help further in elucidating the early arrests in B cell development observed in mutant mice defective for, e.g., E2A (33, 34) or EBF (35) .
